OPEN 3 ACCESS Freely available online 



•0-PLOS I o-^E 



Mind Wandering, Sleep Quality, Affect and Chronotype: 
An Exploratory Study 

Richard Carciofo^'^, Feng Du^% Nan Song^, Kan Zhang^ 

1 Key Laboratory of Behavorial Science, Institute of Psychology, Chinese Academy of Sciences, Beijing, China, 2 College of Humanities and Social Sciences, Graduate 
University of the Chinese Academy of Sciences, Beijing, China, 3 Training College, Beijing Foreign Studies University, Beijing, China 



Abstract 

Poor sleep quality impairs cognition, including executive functions and concentration, but there has been little direct 
research on the relationships between sleep quality and mind wandering or daydreaming. Evening chronotype is associated 
with poor sleep quality, more mind wandering and more daydreaming; negative affect is also a mutual correlate. This 
exploratory study investigated how mind wandering and daydreaming are related to different aspects of sleep quality, and 
whether sleep quality influences the relationships between mind wandering/daydreaming and negative affect, and mind 
wandering/daydreaming and chronotype. Three surveys (Ns = 213; 190; 270) were completed with Chinese adults aged 18- 
50, including measures of sleep quality, daytime sleepiness, mind wandering, daydreaming, chronotype and affect (positive 
and negative). Higher frequencies of mind wandering and daydreaming were associated with poorer sleep quality, in 
particular with poor subjective sleep quality and increased sleep latency, night-time disturbance, daytime dysfunction and 
daytime sleepiness. Poor sleep quality was found to partially mediate the relationships between daydreaming and negative 
affect, and mind wandering and negative affect. Additionally, low positive affect and poor sleep quality, in conjunction, fully 
mediated the relationships between chronotype and mind wandering, and chronotype and daydreaming. The relationships 
between mind wandering/daydreaming and positive affect were also moderated by chronotype, being weaker in those 
with a morning preference. Finally, while daytime sleepiness was positively correlated with daydream frequency, it was 
negatively correlated with a measure of problem-solving daydreams, indicating that more refined distinctions between 
different forms of daydreaming or mind wandering are warranted. Overall, the evidence is suggestive of a bi-directional 
relationship between poor sleep quality and mind wandering/daydreaming, which may be important in attempts to deal 
with sleep problems and improve sleep quality. These findings and further research on this topic may also have implications 
for definitions and theories of mind wandering and daydreaming. 
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Introduction 

The concepts of mind wandering and daydreaming are difTicuIt 
to precisely define and distinguisti, encompassing a wide variety of 
spontaneous and undirected mentation [1], but they are often used 
to refer to the shifting of attention away from the external 
environment, and any ongoing task, towards (task-unrelated) 
internally-focused mentation [2,3] . This seems to occur frequently 
for most people, being reported in approximately 30-50% of 
thought-probe responses in laboratory and field studies (e.g., [4,5]). 
Although mind wandering or daydreaming may be productive, by, 
for example, facilitating problem-solving, planning and creativity 
[6], they can have deleterious effects on a wide range of task 
performance, including reading and memory tasks ([2,6] for 
reviews). 

Mind Wandering and Sleep Quality 

Impaired task performance is also associated with sleep 
disturbance. Lack of sleep, through acute sleep deprivation or 
chronic sleep restriction, is associated with impaired cognitive 



functioning and state instability, including attention lapses, slower 
reaction times, impaired working memory [7-9], and possibly 
also,"... intrusive daydreaming while engaged in cognitive work" ( 
[10], p. 210). EEG evidence indicates that mind wandering states 
are similar to those of low alertness [11], and although the 
relationship between sleep and mind wandering or daydreaming 
has received little direct investigation, evidence for an association 
has been noted in many studies (e.g., [4,12,13,14,15,16]). For 
example, Antrobus et al. [12] found that general ratings of 
drowsiness were associated with 'daydream-hke mentation' 
(although changes in drowsiness ratings between conditions were 
not accompanied by changes in daydreaming), and other 
laboratory-based (e.g., [14,15]) and field-based (e.g., [4]) studies 
have found positive correlations between reports of mind 
wandering and sleepiness or tiredness. Furthermore, Kunzendorf 
et al. [13] found a strong negative correlation between self- 
reported hours of sleep per night and the frequency of 
daydreaming, and Mikulincer et al. [16] found that task-unrelated 
thought increased over 72-hours of sleep deprivation (although 
only in participants rated as high in trait mind wandering). 
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Other evidence suggests that forms of mind wandering may be a 
cause of lack of sleep or poor sleep qualit)'. For example, worry 
and rumination may increase sleep latency [17,18], which is also 
related to emotional responses to stress, such as anxiety and 
depression [19,20,21]. Additionally, Ottaviani and Couyoumdjian 
[22] found that non-ruminative mind wandering during the day 
(as assessed by field-based thought-sampling) significandy predict- 
ed difficulty in getting to sleep that evening. 

Mind Wandering, Sleep Quality and Negative Affect 

Many studies show that much mind wandering or daydreaming 
is associated with negative affect. For example, Giambra and 
Traynor [23] found significant positive correlations between the 
frequencies of daydreaming and mind wandering and three 
different questionnaire measures of depression, while several 
studies (e.g., [24]) have found that mind wandering is associated 
with dysphoria. Also, a large-scale thought-sampling study [25] 
found that mind wandering predicted subsequent negative affect, 
while an experimental study [26] found evidence for the inverse 
relationship, as inducing negative mood increased the frequency of 
mind wandering in a subsequent experimental task. Stawarczyk 
et al. [27] also found that daydream frequency was correlated with 
depression and anxiety, but additionally found that mindfulness (in 
conjunction with a measure of internal versus external encoding), 
fuUy mediated the relationship of daydream frequency and a brief 
measure of psychological distress (i.e., daydream frequency was no 
longer a significant predictor of distress). Although there are stiH 
issues in defining mindfulness [28] it essentially involves attentive 
awareness of the present moment [29]. It is associated with good 
quality sleep, well-being, and positive affect [30], and is negatively 
correlated with daytime sleepiness [31], and with mind wandering 
and daydreaming [22,32,33]. In contrast, sleep deprivation or 
poor qualit)' sleep are associated with negative affect, anxiety and 
depression [34-36]. Taken together, these findings suggest that 
any relationships between mind wandering or daydreaming and 
negative affect, may also involve sleep quality. 

Mind Wandering, Sleep Quality, Negative Affect and 
Chronotype 

Sleep quality is also associated with chronotype: individual 
differences in time-of-day preference [37,38]. It has been found 
that evening-types (who prefer later bed and rising times), have less 
regular sleeping habits, less time in bed during the week, and more 
time in bed at weekends [39,40]. Poorer subjective sleep quality 
and more daytime sleepiness are also more frequent in evening- 
types [41,42,43], who also consume more alcohol, caffeine, and 
tobacco [39,41,43,44] and report more emotional and psycholog- 
ical problems, such as anxiety and depression [38,42]. Further- 
more, eveningness has been found to correlate with more mind 
wandering and daydreaming [33]. 

In contrast to these findings, morning-preference is associated 
with more positive affect [45] and also better sleep quality and 
more mindfulness [30]. However, Howell et al. [30] found that the 
correlation between morning-preference and mindfulness was no 
longer significant after controlling for sleep quality. This suggests 
that sleep quality could be a mediator in the relationship between 
eveningness and mind wandering/ daydreaming. H()vvc\'er, mind- 
fulness and mind wandering are not directiy opposite states. 
Mindfulness does not necessarily imply an absence of thoughts, 
instead involving awareness of present thoughts as passing events, 
without becoming attached to them [27]. Mindfulness also 
involves meta-awareness, which may or may not be present 
during mind wandering [46,47]. It remains to be tested whether 
sleep quality is involved in the relationship between chronotype 



and mind wandering in a similar way that it may be in the 
relationship between chronotype and mindfulness. Negative affect, 
as a shared correlate of these variables, may also be involved. 

In summary, there is some evidence linking mind wandering 
and daydreaming with sleep disturbance, but there is still a lack of 
research on how it is related to different aspects of sleep quality in 
everyday life. The present study aimed to investigated these 
relationships. Additionally, the influence of sleep quality on the 
associations between mind wandering/ daydreaming and negative 
affect, and between mind wandering/daydreaming and chron- 
otype, were explored. 

Method 

Participants 

We report data from three surveys, which involved independent 
samples of participants who were given different sets of question- 
naires. Participants were full-time or part-time students at two 
Beijing universities, taking undergraduate, post-graduate or short- 
term training courses. 

For the first survey {study 1), questionnaires were distributed to 
248 participants; after excluding missing data (see Statistical 
Analysis, below), the final sample consisted of 213 participants, 
74 males, and 139 females, aged 18-41 (mean = 23.96, sd = 5.42; 
male mean = 27.03, female = 22.33; t = 6.095, p<.0005, two- 
tailed). A sub-group of this sample (N = 88) completed a retest 
approximately 5 weeks after the first survey. Complete sets of data 
were obtained from 75 participants, 14 male, 61 female, aged 18- 
25 (mean= 19.81, sd= 1.58; male mean= 19.50, female = 19.89; 
t=.819, p = .415, two-tailed). 

For the second survey [study 2), questionnaires were distributed 
to 225 participants; after excluding missing data, the final sample 
consisted of 190 participants, 52 males, 138 females, aged 18-50 
(mean = 23.76, sd = 6.75; male mean = 25.96, female = 22.93; 
t = 2.366, p = .021, two-tailed). A sub-group of this sample 
(N = 99) completed a retest approximately 5 weeks after the first 
survey. Complete sets of data were obtained from 89 participants, 
19 males, 70 females, aged 18-24 (mean= 19.81, sd= 1.06; male 
mean = 20.00, female = 19.76; t = .881, p = .381, two-tailed). 

For the the third survey [study 3) 296 undergraduates were given 
two sets of questionnaires seven days apart; the order of scales was 
varied for different groups of students to provide some degree of 
counter-balancing. Excluding missing data, the final sample 
consisted of 270 participants, 74 males and 196 females, aged 
18-21 (mean= 18.90, sd=.79; male mean= 19.14, fe- 
male =18.81; t = 3.047, p = .003, two-tailed). A tiiird set of 
questionnaires was administered to the same participants approx- 
imately 5-6 weeks after the second set. This included some scales 
for test-retest and some other scales not reported here. Complete 
sets of data for retest were obtained from 1 7 1 participants (42 
male, 129 female), aged 18-21 (mcan= 18.70, sd=.76; male 
mean = 19.0, female = 18.6; t = 2.995, p = .004, two-tailed). 

Ethics Statement 

Ethical approval was obtained from the Psychology Institute of 
the Chinese Academy of Sciences. Participants gave written 
consent on the survey questionnaires. Participation was voluntary 
and unpaid. 

Materials 

1) The Chinese language version of the reduced Momingness- 
Eveningness Questionnaire (rMEQ [48,49]), derived from Li 
et al.'s [50] Chinese translation of Horne and Ostberg's [37] 
Morningness-Eveningness Questionnaire (MEQ). Scores on 
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the rMEQ range 4—25, and can be grouped into three 
chronot\ipe categories: evening (4—11), neutral (12—17), and 
morning (18-25). The Chinese rMEQ,has shown consistency 
with the full MEQ, with evidence for convergent validity and 
acceptable test-retest reliability [33,49]. 

2) The Chinese versions of the Daydream Frequency (DF), and 
Mind Wandering (MX'V') scales [33], taken from the Imaginal 
Process Inventory (IPI [51]). Both scales have 12 items, each 
with five response options, and a possible range of 12-60. 
Higher scores indicate more mind wandering or daydream- 
ing. The Chinese versions have shown good internal 
consistency, test-retest rehabUity, and convergent vahdity 
[33]. Although these concepts are strongly related, 'mind 
wandering' may more effectively characterise the experience 
of having frequent shifts of attention, while 'daydreaming' 
may involve more sustained internal focus [3,47]. 

3) The Chinese version of the Pittsburgh Sleep Qualit)' Index 
(PSQI [52]) made by Liu et al. [53]. The PSQI assesses seven, 
equally weighted components of sleep quality, along with 
reported bed and rise times, and sleep duration, over the 
preceding month. Each component is scored on a scale of 0-3, 
where a higher score indicates more problems on the 
corresponding component (e.g., a score of 3 on the sleep 
duration component indicates less sleep than does a score of 
2). Each component score is derived from one or more of the 
scale items. Summing the seven components gives a Global 
sleep quality score (range 0-21). 

4) The Chinese version of the Epworth Sleepiness Scale (ESS 
[54]) made by Peng et al. [55]. The ESS requires participants 
to rate how likely they feel it is that they would doze/faU 
asleep in eight different everyday situations (e.g., while 
watching TV). A scale of 0-3 is used for each item, with a 
higher score indicating greater sleep propensity. Total scores 
range 0-24. For clarity, minor changes of wording were made 
to Peng et al.'s [55] version. 

5) The Chinese version of the Positive and Negative Affect 
Schedule (PANAS [56]) made by Huang et al. [57]. The scale 
has 10 items assessing positive affect (PA), and 10 items for 
negative affect (NA), both ranging 10-50. As Watson et al. ( 
[56], p. 1063) state "High PA is a state of high energy, fuU 
concentration, and pleasurable engagement, whereas low PA 
is characterised by sadness and letharg)- . . . Negative Affect . . . 
is a general dimension of subjective distress and unpleasurable 
engagement ..." PA and NA can be assessed over different 
time-spans, ranging from 'in general' to 'the present moment'. 
The current research stated 'the last 3^ weeks', to make it 
consistent with the time-span of the PSQI. 

6) A new Chinese translation of the Problem-Solving Daydreams 
(PS-DD) scale from the Imaginal Process Inventory (IPI [51]), 
which was designed to establish "...what role daydreams 
might play in practical problem solution..." ( [51], p. 190), 
with items such as "My daydreams are closely related to 
problems that come up during my daily life" (item 5), and 
"Sometimes an answer to a difficult problem will come to me 
during a daydream" (item 10). The translation was made 
using the back-translation method; a native Chinese speaker 
made the initial translation, which was back-translated by 
another native Chinese speaker, and then checked by a native 
English speaker. Discrepancies were discussed and appropri- 
ately modified. This scale has 12 items, each with five 
response options (range 12-60). 



Procedure 

The three sur\'eys comprised different combinations of the 
above scales, plus demographics (and some other scales not 
reported here). Studies 1 and 2 were done contemporaneously and 
investigated associations between daydreaming, mind wandering 
and aspects of sleep quality. Study 1 involved the PSQI, rMEQ, 
and DF scales; study 2 involved the PSQI, rMEQ, and MW scales. 
Study 3 aimed to replicate and extend the findings of studies 1 and 
2. In addition to the PSQI, MW, DF and rMEQ^scales, it included 
tiie ESS, PANAS and PS-DD scales. The latter was included 
based on unpublished survey results which suggested a possilile 
connection with sleep quality. Of the 171 participants involved in 
the study 3 retest, all completed tiie DF, PANAS and PSQI scales, 
and 74 additionally completed the MW scale (one extreme outlier 
was removed, leaving n= 73). 

The sequence of the scales was varied to some extent in each 
survey, to provide some degree of counter-balancing. The surveys 
were completed by participants during class breaks, at various 
times of day, between April-May 2013 (studies 1 and 2) and 
October-November 2013 (study 3). 

Statistical Analysis 

Regarding missing data, a single missing item from the DF, 
MW, PANAS-NA, PANAS-PA, ESS, or PS-DD scales was 
replaced by the mean of the other responses for that participant. 
Questionnaires were excluded if there were two or more 
omissions, or an error. For the rMEQ_ scale, those with an error 
or one/more omissions, were excluded. For the PSQI, because of 
the different kinds of calculations required for each component, a 
set of rules was established to deal with missing or ambiguous data; 
these are available from the authors. Cases with missing scores for 
one/ more of the seven PSQI components were omitted. 

Given the exploratory aims of this research much of the analysis 
was descriptive in nature, focusing on findings that were replicated 
across two or all three of the studies. We report zero-order Pearson 
product-moment correlations (two-tailed), partial correlations 
controlling for the influence of age, and regression analyses to 
test for significant predictors of the main variables. Also, following 
the procedures suggested by Preacher and Hayes [58,59], 
mediation analyses tested whether sleep quality mediates a) the 
relationships between mind wandering and negative affect, and 
daydreaming and negative affect; and, b) the relationships between 
chronotype and mind wandering, and chronotype and daydream- 
ing. 

Results 

The psychometric properties of the scales for all studies are 
shown in Table 1 . The scales showed reasonable/good reliability 
(assessed by Cronbach's alpha, and/ or test-retest). The values of 
Cronbach's alpha for the 7 components of the PSQI were 
moderate, but similar to those reported in other studies; for 
example, .56 [63] and .66 [62]. Although the Shapiro- Wilk test 
indicated deviation from normality in most cases, the scores for 
each scale approximated a normal distribution. 

Chronotype classifications for each study, with scale means for 
each chronotype, are shown in Table 2. Across the 3 studies, 
evening-types consistently had higher means for mind wandering 
or daydreaming (cf [33]), and poorer sleep quality, shown by the 
higher PSQI Global score (c£ [41]). Separate multiple regression 
analyses with age and gender as predictor variables were done for 
the PSQI, rMEQ, DF, MW, ESS, PANAS, and PS-DD scales. 
Significant predictors are shown in Table 2 . There was a 
significant gender difference for DF in study 1 (higher mean DF 
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Table 2. Chronotype classifications, and descriptive statistics by chronotype. 







Chronotype classification 




Age p 


Gender p 




evening-type 


neutral-type 


morning-type 






Study 1 (N = 213) 


Chronotype 


33 (15.5%) 
(14/42.4% male) 


133 (62.4%) 
(44/33.1% male) 


47 (22.1%) 
(16/34% male) 


.215** 


.194** (male mean = 14.32; 
female = 14.99) 


Age^ 


24.06 (6.15)* 


23.31 (5.01) 


25.74 (5.69) 






Daydream Frequency 


34.82 (8.38)* 


34.56 (9.44) 


29.62 (9.74) 


-.225** 


.148* (male mean = 30.36; 
female = 35.1 9) 


PSQI Global 


6.70 (3.08)* 


5.86 (2.45) 


5.17 (2.37) 


(Component 6,. 21 7**) 
(Component 7, —.203**) 




Study 2 (N=190) 


Chronotype 


28 (14.7%) 
(9/32.1% male) 


126 (66.3%) 
(35/27.8% male) 


36 (18.9%) 
(8/22.3% male) 


.211** 




Age^ 


22.36 (5.88)* 


23.37 (6.27) 


26.25 (8.41) 






Mind Wandering 


37.04 (7.89)* 


35.94 (5.86) 


33.64 (5.59) 


-.143 (p = .054) 




PSQI Global 


6.32 (2.31)* 


5.87 (2.28) 


5.28 (2.37) 






Study 3 (N = 270) 


Chronotype 


36 (13.3%) 
(13/36.1% male) 


201 (74.4%) 
(55/27.4% male) 


33 (12.2%) 
(6/1 8.2% male) 




.140* (male mean = 13.69; 
female = 14.59) 


Age^ 


1 9.08 (.84)* 


18.89 (.74) 


18.79 (1.02) 






Daydream Frequency 


37.11 (8.61)* 


34.2 (7.99) 


33.00 (7.89) 






Mind Wandering 


39.14 (8.29)* 


36.05 (6.14) 


33.61 (7.90) 






PSQI Global 


7.08 (2.32)* 


5.62 (2.07) 


5.70 (2.38) 


.116 (p = .063) 
(Component 2,. 203**) 




Epworth Sleepiness Scale 10.53 (3.40)* 


11.46 (3.37) 


1 0.58 (4.42) 




.113 (p = .063) (male 
mean = 10.58; 
female = 11. 47) 


Problem-solving 
Daydreams 


38.06 (6.95)* 


37.37 (6.48) 


38.82 (6.66) 






Positive Affect 


29.81 (5.53)* 


31.20 (5.85) 


34.15 (5.60) 






Negative Affect 


22.61 (5.90)* 


21.59 (6.80) 


21.09 (5.79) 


.181** 





^See Methods section for gender differences. 
*Mean (standard deviation). *ps.05; **ps.01. 
doi:1 0.1 371/journal.pone.0091 285.t002 



score for females; cf [27]), but not in study 3; further study of 
gender differences seems required. Negative associations between 
age and DF, and age and MW were found in studies 1 and 2, 
which both liad a wider age range than did study 3. 

Means and standard deviations for bed and rise times, sleep 
duration (from reported times, before coding into component 3), 
and for each PSQI component are shown in Table 3 . A high 
percentage of participants in each study reported a PSQI Global 
score >5, indicating poor quality sleep [52]. Similar component 
mean values, and mean rankings, were reported across the three 
studies. For studies 1 and 2, ranking highest to lowest were 
components 7, 1,5, 2, 3, 4, 6; for study 3 the ranks were: 7, 1,3, 2, 
5, 4, 6. These ranks (particularly the higher rank for component 7, 
and lower ranks for components 4 and 6) are similar to those 
found in some other studies (e.g., [60,52]). In all three studies, very 
few participants reported using sleep medication (component 6): 
only 5/213 (2.3%) in study 1; 5/190 (2.6%) in study 2; and 2/270 
(.7%) for study 3, meaning that nearly aU participants had a score 
of zero for this component. Scores for component 4 (sleep 
efficiency) were also quite restricted in range, with >80% of 
participants in each study scoring zero (most efficient). The PSQI 
scoring system [52] gives a sleep efficiency score of zero for 



reported sleep time that is >85% of reported time-in-bed. 
Frequently reported responses, such as 8 hours in bed with 7 
hours sleep ( = 87.5%), or 7 hours in bed with 6 hours sleep 
( = 85.7%), met this criterion. 

Correlations between bed, rise and sleep times, PSQI compo- 
nents, daydream frequency (DF), mind wandering (MW') and 
chronotype (rMEQ), are shown in Table 4 . In both studies 1 and 
3, DF sigTiificandy correlated with PSQI Global score and PSQI 
component 1 (subjective sleep quality), component 2 (sleep 
latency), component 5 (sleep disturbances) and component 7 
(daytime dysfunction). The same pattern of significant correlations 
was shown for MW across studies 2 and 3, in addition to 
significant correlations with bed time (later bed time associated 
with more mind wandering). In aU cases the positive correlations 
indicate that more mind wandering and daydreaming are 
associated with more sleep problems (poorer sleep quality, longer 
sleep latency, more sleep disturbance and more daytime dysfunc- 
tion). 

Across studies 1-3, rMEQ_ showed consistent correlations with 
bed and rise times, such that morning-types go to bed and rise 
earlier than do evening-types. Across the three studies, rMEQ^ 
showed significant negative correlations with daydream frequency 
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Table 3. Descriptive statistics for each PSQI component for each study. 







Mean score 






Test-retest coefficient^ 






Study 1 


Study 2 


Study 3 


Study 1 


Study 2 


Study 3 




(N = 213) 


(N = 190) 


(N = 270) 


ll« — ' ^/ 


(N = 89) 


(N = 171) 


Bed time* (sd/range) 


23:50 


23:53 


24:05 


.735*** 


.71 3*** 


.633*** 




(56/21:30-02:30) 


(48/22:00-02:00) 


(40/22:30-03:00) 








Rise time* (sd/range) 


07:12 


07:20 


07:14 


.836*** 


.766*** 


.648*** 




(40/05:00-10:30) 


(47/05:00-10:00) 


(40/06:00-10:00) 








Sleep duration* (sd/range in hours} 


06:47 (55/4.5-10) 


06:47 (50/4.5-10) 


06:40 (46/3.5-9) 


.584*** 


.580*** 


.605*** 


Component 1 Subjective sleep quality 


1 .04 (.67) 


1 .00 (.65) 


1 .02 (.68) 


.590*** 


.43 1 *** 


.502*** 


(sd) 














Component 2 Sleep latency (sd) 


.96 (.90) 


.88 (.83) 


.87 (.88) 


.762*** 


.D3e5 


.636*** 


Component 3 Sleep duration (sd) 


.85 (.60) 


.88 (.56) 


.92 (.48) 


.579*** 


.42 1 *** 


.414*** 


Component 4 Habitual sleep efficiency .17 (.45} 


.21 (.46) 


.15 (.43) 


.368** 


.304** 


.052 


(sd) 














Component 5 Sleep disturbances (sd) 


.98 (.48) 


.99 (.48) 


.84 (.43) 


.189 


.428*** 


.310*** 


Component 6 Medication use (sd) 


.03 (.19) 


.03 (.20) 


.01 (.09) 






-.015 


Component 7 Daytime dysfunction (sd)1.81 (.87) 


1 .84 (.86) 


2.02 (.76) 


.505*** 


*** 


.488*** 


Global Score (sd) 


5.84 (2.57) 


5.83 (2.31) 


5.82 (2.19) 


.770*** 


.539"* 


.613*** 


% PSQI Global score >5 (male/female) 49.3 (51.4/48.2) 


56.8 (57.7/56.5) 


52.2 (52.7/52) 









^Pearson, two-tailed. 
*ps.05; 
**ps.01; 
***p<.0005. 

*Clock times; sd in minutes. 

doi:l 0.1 371/journal.pone.0091 285.t003 



and mind wandering (cf. [33]); rMEQ^ was also inconsistently 
correlated with subjective sleep quality, and with sleep duration, 
and consistently correlated with PSQI Global, and strongly with 
PSQI component 7 (daytime dysfimction). When component 7 
was removed from the PSQI Global score, two of the correlations 
with rMEQ^(all partiaUed for age) were no longer significant: study 
1, r=-.188 (p = .006); study 2, r=-.093 (p=.204); study 3, 
r= - .105 (p = .084). 

PSQI component 5 is comprised of nine aspects of sleep 
disturbance (questions 5b-5j), and component 7 is comprised of 
question 8 ("During the past month, how often have you had 
trouble staying awake while driving, eating meals, or engaging in 
social activity?"), and question 9 ("During the past month, how 
much of a problem has it been for you to keep up enough 
enthusiasm to get things done?"). Correlations between these items 
and DF, MW, and rMEQ^ are shown in Table 5 . Across the three 
studies, DF, MW, and rMEQ^ were each consistendy correlated 
with PSQI questions 8 and 9; DF was consistently correlated with 
question 5c (having to get up to use the bathroom), and with 
question 5f (feel too cold); DF, like MW, was also inconsistently 
correlated with question 5g (feel too hot). Correlations with 
questions 5j were somewhat inconsistent, but this is an open-ended 
question. Frequent answers among younger, undergraduate 
participants, were stress related to study, and noisy (dormitory) 
environment (cf. [19]). 

PSQI item 8 suggests daytime sleepiness, while question 9 
suggests lack of energy or motivation, which may involve an 
affective component (these questions correlated .561; p<.0005). 
To explore these influences, study 3 included specific measures of 
daytime sleepiness (the ESS) and affect (the PANAS). Correlations 
are shown in Table 6 (see also Table 4) . Substantial daytime 
sleepiness, as defined by a score >10 [64] was reported by 57.8% 
of participants (48.6% of males; 61.2% of females). Both daydream 



frequency and mind wandering showed significant positive 
correlations with the ESS, consistent with their positive correla- 
tions with PSQI component 7. However, rMEQ^did not correlate 
with the ESS total score (or with any of the items, all r.s <.l). Also, 
Problem-Solving Daydreams were uncorrelated with DF and with 
PSQI Global score, but negatively correlated with MW, the ESS, 
and PSQI component 7 (r= - .134; p = .028). 

Morningness (rMEQ) correlated with positive affect (PA), but 
not with negative affect (NA), consistent with other findings [45], 
as are the correlations between poor sleep and more negative 
affect, and less positive affect [19,61]. PA-NA correlated —.153 
(p = .012; cf Watson et al. [56], who reported a range of —.12 to 
-.23). DF, MW, PSQI Global, and ESS showed the same 
significant pattern of negative correlation with PA, and positive 
correlation with NA. MW and DF correlated .644 (p<.0005; c£ 
Carciofo et al. [33], r = .573). 

Test-retest Analyses 

The test-retest coefficients for the Global PSQI scores were 
moderate/good, but there was quite a range in the component 
coefficients (Table 3) . Coefficients could not be calculated for 
component 6 in studies 1 and 2 because all participants had a 
score of zero in test 1 (Ti) and/or test 2 {T2), and >98% of 
participants (in Tl and T2) had a score of zero in study 3. Buysse 
et al. [52] also reported no correlation for component 6 (in non- 
clinical participants; coeflicient not reported). Scores for compo- 
nent 4 were also restricted (>80% in all studies scoring zero in 
both tests), and the test-retest coefficients were modest. Compo- 
nent 5 also showed variable test-test coefficients, but as Buysse 
et al. [52] note, this component includes many aspects of sleep 
which may vary over time. 

Regression analyses tested whether Tl variables (PSQI compo- 
nents, MW and DF) predicted retest/T2 variables, while 
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controlling for the dependent variable at Tl. In study 1, Tl DF did 
not predict any T2 PSQI components, and Tl PSQI components 
did not predict T2 DF (aU ^.s>.05). In study 2, Tl PSQI 
components did not predict T2 MW (all ps>.Qb), but Tl MW 
predicted T2 PSQI components 5 ((3 = .256, p = .008), 7 (P = .3 14, 
p - .001), and Global (|3 = .299, p = .002). However, in study 3, Tl 
MW (or DF) did not significantly predict any T2 PSQI 
components, and Tl PSQI components did not predict T2 MW 
(or DF). It seems that there are no consistent predictive 
relationships between DF/MW and PSQI components at the 
test-retest interval used in these studies (5-6 weeks). 

Mediation Analyses 

1) Mind wandering, negative affect, and sleep 
quality. Much recent research has discussed the associations 
between mind wandering or daydreaming, and negative affect, 
suggesting a bi-directional relationship. Study 3 estabhshed mutual 
associations between poor sleep quality, negative affect, and both 
mind wandering and daydreaming, so a possible mediating role for 
sleep quality (while controlling for age and gender), was tested 
using the procedures suggested by Preacher and Hayes [58,59]. 
This involves (see Figure 1) :- 1) path c - the total effect of the IV/ 
predictor on the DV/criterion, excluding the proposed mediator 
(although this path does not need to be significant for a test of 
mediation); 2) path c' - the direct effect of the IV on the DV (testing 
if this remains significant while controlling for the mediator); 3) 
path a - the effect of the IV on the proposed mediator; 4) path h - the 
direct effect of the mediator on the D V (testing if this is significant 
while controlling for the IV); and, 5) path a*b - the indirect effect of 
the mediator through the IV. The significance of this indirect path 
was tested with a non-parametric bootstrapping procedure in 
which 5000 re-samples were taken from the data to establish 95% 
confidence intervals, with significance indicated by the exclusion of 
zero [58,59]. 

The results are shown in Table 7 . With negative affect (NA) as 
the predictor for DF (model la) and for MW (model lb), sleep 
quality (PSQI Global score) was found to have significant direct 
and indirect effects in both cases. However, NA also retained a 
significant direct effect in both models, indicating that sleep quality 
is a partial mediator of the relationships between negative affect 
and mind wandering, and negative affect and daydreaming. When 
the relationship was reversed, so that DF and MW were the 
predictors for NA (models 2a and 2b), the same pattern was found, 
with sleep quality having significant direct and indirect effects, but 
DF and M\V also retaining significant direct effects. 

2) Mind wandering, daydreaming, sleep quality and 
chronotype. Mediation analysis was also undertaken to test 
whether sleep quality significantly mediates the relationship 
between chronotype (rMEQ) and daydream frequency, and 
between chronotype and mind wandering (while controlling for 
age and gender). Scores for PSQI component 7 were used as the 
mediator, because, as noted above, this was the only component to 
consistently correlate with rMEQ^ and removing this from the 
PSQI Global score substantially reduced the correlations between 
rMEQ^ and PSQI Global (results using PSQI Global were similar, 
but the mediation effect was slightly weaker). Results are shown in 
Table 8 . 

Daydreaming: For study 1, PSQI component 7 had significant 
direct and indirect effects, and the direct effect of rMEQ^ 
(controlling for component 7) was not significant. For study 3, 
component 7 again had significant direct and indirect effects, while 
the total effect of rMEQ_ (excluding component 7) was only 
marginally significant (p = .075), and the direct effect (controlling 
for component 7) was not significant (p = .463). 
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Table 6. Correlations with daytime sleepiness, positive affect, negative affect, and problem-solving daydreams. 









Problem-Solving 








Epworth Sleepiness Scale 


Daydreams 


Positive Affect (PANAS) 


Negative Affect (PANAS) 


Chronotype (rMEQ) 


-.009^' 


.054 


.214*** 


-.038 


Daydream Frequency 


.246*** 


-.081 


-.326*** 


.412*** 


Mind Wandering 


.331**' 


— .247*** 


-.377*** 


.333*** 


PSQI Global score 


.206** 


-.044 


-.332*** 


.367*** 


Epworth Sleepiness Scale 




— .2 1 4*** 


-.134* 


.174«* 


Problem-solving Daydreams 






.230*** 


.034 


^Partial correlations, controlling for age. N = 270. 



♦ps.05; 

♦*p!S.01; 

♦**p!S.0005. 

doi:l 0.1 371 /journal.pone.0091 285.1006 



Mind Wandering: For study 2, PSQI component 7 had significant 
direct and indirect effects. The direct effect of rMEQ^ (controlling 
for component 7) was also marginally significant (p = .059). For 
study 3, component 7 again had significant direct and indirect 
effects, and the direct effect of rMEQ^ (controlling for component 
7) was also significant (p= .019). 

The above analyses show that, in all cases, PSQI component 7 
(daytime dysfunction), had significant direct and indirect effects on 
DF and MW. The direct effect of rMEQ_ on DF was marginal or 
non-significant, while it remained (marginally) significant for MW. 

Positive Affect: Study 3 found that positive affect negatively 
correlated with mind wandering, daydreaming and sleep quality, 
but positively correlated with morningness. To explore the possible 
influence of positive affect, a further test was done in which both 
positive affect and sleep quality (PSQI Global) were included as 
mediators between chronotype (IV) and mind wandering/ 
daydreaming (DV). As shown in Table 9, both positive affect 
and sleep quality had significant direct and indirect effects on the 
relationships between chronotype and daydreaming, and chron- 
otype and mind wandering. Furthermore, with the inclusion of 
both mediators, the direct effect of rMEQ^ on DF was no longer 
significant (p = .897). A very similar result was obtained when 
PSQI component 7 was used as the mediator rather than PSQI 
Global (rMEQ P = .008, p = .889). For MW, when PSQI Global 
was used as the mediator, the direct effect of rMEQ_ on MW 
remained somewhat marginally significant (p = .084), but this was 
weaker when component 7 was used as the mediator instead of 
PSQI Global (rMEQ, P = - .08 1 , p = . 1 54). 

These findings support the model of evening-preference being 
associated with poorer quality sleep and less positive affect, which 
may contribute to the increased frequency of mind wandering/ 
daydreaming. The reverse model is also possible, i.e., more mind 



IV 



DV 



total effect / c 
direct effect / c' 




Figure 1. Paths of mediation analysis. 

doi:1 0.1 371/journal.pone.0091 285.g001 



wandering or daydreaming (TV) being associated with poorer 
quality sleep and less positive affect, which may predict more 
eveningness (DV). However, sleep quality was not a significant 
mediator in this model, for either DF or MW (Table 9) . 

Furthermore, exploratory analysis of these inter-relationships 
revealed that chronotype moderated the relationships between 
positive affect and daydreaming, and positive affect and mind 
wandering. This effect was shown in hierarchical regression, in 
which the product of Z-transformed positive affect (PA) and 
chronotype (rMEQ) scores, which were entered in the second step, 
produced significant changes in the models (Table 10) . 

For evening-types (n=36) and neutral-types (n = 201), signifi- 
cant negative correlations were found between positive affect and 
daydreaming (evening-types: r=:— .345, p = .039; neutral-types: 
r=— .364, p<.0005), and between positive affect and mind 
wandering (evening-types: r=— .379, p = .023; neutral-types, 
r=— .426, p<.0005). However, these correlations were not 
significant in morning-types (n = 33; DF: r=.05, p = .784; MW: 
r=-.004, p = .981). 

Discussion 

Sleep Quality and Chronotype 

The current study, like some other recent studies (e.g., 
[19,60,62]), found that poor sleep quality is common in university 
students. High percentages of participants were classified as poor 
sleepers, using the criterion of a PSQI Global score >5 [52]: 
49.3%, 56.8%, and 52.2%, for studies 1-3 respectively. Similarly, 
Suen et al. [63] found that 57.5% of a sample of 400 Hong Kong 
university students were classified as poor sleepers, while Lund 
et al. [19] found that >60% of a sample of 17-24 year old 
American students had PSQI Global scores >5 (see also 
[20,60,62]). Furthermore, 57.8% of our participants (in study 3) 
reported substantial daytime sleepiness, as defmed by an Epworth 
Sleepiness Scale (ESS) score >10 [64], which is very high 
compared to some other studies (e.g., in a student sample, Lund 
et al. [19] found 25.5% scored 10/more). Consequently, the 
validity of the ESS responses may be questioned. However, the 
observed correlation between the ESS and PSQI Global score 
(r = .206) is similar to that reported by Buysse et al. ( [65] r = .160), 
who found that the scales are largely orthogonal. They also found 
PSQI component 7 (daytime dysfunction) to be the strongest 
association between the scales (r = .340), as did we (r = .291). Also, 
there were consistent inter-correlations between the ESS, DF, 
MW, PSQI and PANAS scales. Nevertheless, the current finding 
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of a high percentage of reported daytime sleepiness stands in need 
of replication. 

The chronotype classifications in studies 1 and 2 showed similar 
percentages to those found by Carciofo et al, [33], while the lower 
percentage of morning-types in study 3 likely reflects the narrower, 
younger age range in that study (18-21). Also, studies 1 and 3 
found more morningness for females/ more eveningness for males, 
consistent with other research [38]. Self-reported bed and rise 
times were consistent with chronotype classification, morningness 
being associated with earlier times. The observed correlation 
coefficients were similar to those reported by Barclay et al. [66] 
with the fuU MEQ, giving some convergent validity to the Chinese 
rMEQ,. The correlation between eveningness and overall poorer 
sleep quality (higher PSQI Global score), is consistent with many 
other studies (e.g., [41,42,43,66]). Both Vardar et al. [42] and 
Selvi et al. [67] found that evening-types reported poorer 
subjective sleep quality (component 1), more daytime dysfunction 
(component 7), and higher PSQI Global scores, as also found in 
the current study (although component 1 correlations were 
inconsistent). Although the Epworth Sleepiness Scale (ESS) did 
not correlate with chronotype, other studies have shown incon- 
sistent findings for this association. For example, using the ESS, 
Vardar et al. [42], found that evening-types reported more 
daytime sleepiness, while Taillard et al. [39] found no significant 
differences between chronotypes. 

Mind Wandering, Daydreaming, Sleep Quality and Affect 

Overall, reliable, moderate associations were found between 
poor sleep quality and the reported frequency of both mind 
wandering and daydreaming. Across the three studies, mind 
wandering and daydreaming both showed consistent, significant 
correlations with PSQI Global score, and in particular with PSQI 
component 1 (subjective sleep quality), component 2 (sleep 
latency), component 5 (sleep disturbances), and (especially 
strongly) with component 7 (daytime dysfunction). The negative 
correlation between PSQI component 7 and age found in study 1 
was also reported by Buysse et al. [52], and age was also negatively 
correlated with daydreaming and mind wandering (in studies 1 
and 2), as reliably found in other research (e.g., [33,68,69]). The 
negative correlation between self-reported hours of sleep per night 
and frequency of daydreaming reported by Kunzendorf et al. [13] 
was not consistently found in the current research. Correlations 
with sleep efficiency (component 4) were also inconsistent, while 
the correlations with component 6 were limited by the very low 
frequency of reported use of sleep medication. Finally, both mind 
wandering (MW) and daydreaming (DF) were positively correlated 
with daytime sleepiness as assessed with the Epworth Sleepiness 
Scale. 

Although conclusions about causation cannot be drawn from 
this correlational data, these associations seem consistent with a bi- 
directional model, in which daydreaming and mind wandering 
may potentially be both a cause and a consequence of sleep 
problems/poor sleep quality. For example, the observed correla- 
tions between sleep latency and general mind wandering and 
daydreaming, are consistent with evidence showing that prolonged 
sleep latency or insomnia are related to worry and rumination 
[17,18,70], and also more general, non-ruminative mind wander- 
ing [22]. Furthermore, stress related to study was cited by some 
participants as a reason for sleep disturbance (component 5), as has 
been reported in other studies (e.g., [19]), which is consistent with 
much mind wandering or daydreaming being focused on an 
individual's current concerns [1,71]. The content of insomnia- 
related thoughts prior to sleep has been found to include such 
personal concerns [70]. Increased mind wandering late at night 
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may also be consistent with the hyperarousal model of insomnia, 
which relates insomnia to daytime and night-time increases in 
biological and psychological arousal (see [35] for review). Buysse 
et al. [65] argue that this hyperarousal may be a common factor 
linking symptoms of poor sleep quality, stress, anxiety and 
depressi{m, and it could also be that (some forms of) mind 
wandering or daydreaming are involved in this. Consistent with 
this possibility, there is some evidence linking mind wandering 
with increased arousal, as assessed by heart-rate (e.g., [22,24]). 

However, while mind wandering or da)'dr(;aming may be a 
cause of insomnia, they may also be a consequence of sleep 
disruption, as indicated in some previous studies (e.g., [16]). Some 
correlations with PSQI items related to sleep disturbance seem 
consistent with this. For example, daydreaming and/ or mind 
wandering were (inconsistently) correlated with having sleep 
disturbed by feeling too hot or too cold, needing the bathroom, 
or having bad dreams. Such disturbances may also contribute to 
perceived poor sleep quality (PSQI component 1), which was 
consistently correlated with mind wandering and daydreaming. 

However, for either direction of possible causation, any 
relationships between aspects of sleep qualit)', and mind wander- 
ing or daydreaming, need to be considered over specific time- 
frames. The current research did not find any consistent predictors 
(PSQI components predicting DF/MW, or vice versa), over the 
retest interval of 5-6 weeks. This may indicate that other variables 
are involved, or that the 5-6 week interval, and/or the 
retrospective assessment of general sleep quality and DF/MW, 
may be relatively iiisc'nsitive measure's. The effectiveness of 
shorter-term state measures is suggested by the finding that mind 
wandering assessed by thought-sampling during the day can 
predict sleep latency that evening [22]. Also, less sleep on the 
previous night is associated with reduced functional connectivity 
between neural circuits of the default mode network (DMN) and 
its anti-correlated network [72]. As the DMN is reliably associated 
with mind wandering [46], such sleep-related changes in its 
functioning could be further explored for their relationships to self- 
reported mind wandering or daydreaming frequency. 

The basis of the relationship between mind wandering/ 
daydreaming and daytime sleepiness could also be explored. 
Although daytime sleepiness is connected with lack of sleep [7], 
research evidence has not always supported a strong direct link. 
For instance, Alapin et al. [73] found that daytime sleepiness was 
not related to total sleep time or to sleep efficiency, and did not 
seem to be simply the result of insufficient sleep (the ESS 
correlations with sleep duration and sleep efficiency were also non- 
significant in the current research). It seems that an affective 
component may also be involved. Anxiety has been found to be a 
particularly strong predictor of insomnia, which in turn has been 
found to be a strong predictor of depression [34,35]. Furthermore, 
in a large sample (> 16,000), Bixler et al. [36] found that 
depression was the strongest predictor of (excessive daytime 
sl<'C[)iucss (EDS), while aspects of sleep disturbance were not 
significant. These findings suggest dynamic relationships between 
aspects of sleep quality and negative affect over an extended time 
period; forms of mind wandering or daydreaming may also be 
involved in these relationships. 

Many previous studies have shown an apparently bi-directional 
relationship between mind wandering or daydreaming, and 
negative affect (e.g., [23,25,26,27]). There is evidence that 
mindfulness is a mediator in the relationship between daydream 
frequency and psychological distress [27], and other variables may 
also be involved. For example. Mason et al. [74] suggest that 
possible 'third variables' may include stressful life events, and 
dispositional depression or neuroticism; inflexible, perseverative 



forms of thinking associated with rumination and worry may also 
be particularly related to negative affect [15] . The present research 
has contributed to this discussion by showing that the relationship 
between mind wandering/ daydreaming and negative affect is 
partially mediated by sleep quality. Similarly, Howell et al. [30] 
found that although mindfulness dirertly predicted well-being, 
sleep quality was also a significant mediator. The relationships 
between mind wandering/ daydreaming and negative affect/weU- 
being seem to involve complex contextual and temporal influences 
[75]; the current research suggests that these influences include 
sleep quality. 

Implications for Theories of Mind Wandering 

Acute or chronic sleep deprivation are known to have adverse 
effects on cognitive functioning, including impairment of executive 
functions [8,9]. So, the finding that the frequencies of mind 
wandering and daydreaming are associated with poor sleep quality 
may support the view that mind wandering results from failures of 
executive control which allow spontaneous thoughts to enter 
consciousness [76]. In contrast, it could be argued that an 
emphasis on mind wandering as requiring executive resources [2] 
might imply that the frequency of mind wandering would be 
negatively correlated with poor sleep quality, as better sleep quality 
would improve the efficiency of cognitive functioning which could 
allow for more spare resources to be allocated to mind wandering. 
Instead, the observed positive correlation between poor sleep 
quality and mind wandering seems in some ways comparable to 
the effects of alcohol, which can produce similar c:ognitive 
impairments to those induced by sleep deprivation [7,10], and 
which also increases mind wandering [77]. These considerations 
suggest that an increased frequency of intrusive episodes of mind 
wandering may occur due to impaired executive control [76], 
which may be a consequence of sleep disruption/poor quality 
sleep. 

Mind wandering or daydreaming related to poor executive 
control may also be involved in causing sleep problems. Insomnia- 
related mind wandering [22] may be due to executive failure, 
allowing intrusive thoughts into consciousness. However, executive 
resources would also seem required for maintaining these thoughts 
within the 'cognitive space' [17], or 'global conscious workspace' 
[78,79]. So, executive control failure and recruitment of executive 
resources may both be involved in sleep-related mind wandering 
or daydreaming. Further study of the reciprocal relationships 
between sleep quality and the initiation and maintenance of mind 
wandering or daydreaming episodes (distinguishing process and 
occurrence; [80]), may be insightful. The influence of poor sleep 
quality on the meta-awareness of mind wandering or daydreaming 
is also of interest; perhaps the overall frequency of mind wandering 
is increased, but the meta-awareness of particular episodes may be 
proportionately decreased, similar to the effects of alcohol on mind 
wandering [77]. 

Further consideration of more intentional and purposeful 
mentation, possibly related to the more adaptive functions of 
mind wandering or daydreaming [6,78,81,82], may also help in 
elaborating the roles of executive control and executive resources. 
The present research found that the MW and DF scales were very 
similar in their correlations with NA, PA, PSQI Global, and the 
ESS, but the Problem-Solving Daydreams scale was negatively 
correlated with both MW and ESS, positively correlated with PA, 
and not correlated with DF, PSQI Global, rMEQ, or NA. 
Although the current findings should be replicated, they are 
consistent with some other research: Singer and Antrobus [51] 
reported that the Problem-Solving Daydreams scale was more 
associated with positive aspects of daydreaming, and Giambra and 
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Traynor [23] found that the Problem-Solving Daydreams scale 
was uncorrelated with two questionnaire measures of depression, 
and negatively correlated with a third. The finding that the 
Problem-SoKing Daydreams scale was uncorrelated with the 
Daydream Frequency scale, and negatively correlated with the 
Mind Wandc-ring scale, suggests that this specific type of 
daydreaming is separate from the overall frequency of this class 
of mentation (at least as defined in the respective scales), and may 
be a useful measure of more goal-directed or purposeful 
daydreaming. A more fine-grained approach to different forms 
of mind wandering or daydreaming also helps to elucidate the 
relationships with affect, with evidence showing that some forms, 
or content (such as daydreaming of close family and friends [81]), 
are more associated with positive affect [6,74,82]. It may be that 
poor sleep quality is associated with more negatively valenced 
forms of mind wandering or daydreaming. Different 'styles of 
daydreaming' that vary in, for example, their controllability and 
acceptability to the individual [51,83,84], may also vary in their 
relationships with sleep quality. 

Mind Wandering, Daydreaming and Chronotype 

One similarity between mind wandering and daydreaming (as 
measured by the MW and DF scales), is that the overall frequency 
of both was associated with more evening preference, replicating 
the finding of Carciofo et al. [33]. Also, across the three studies, 
mind wandering, daydreaming and chronotype (rMEQ) were 
consistendy correlated with PSQI Global score, and particularly 
with component 7, daytime dysfunction (more eveningness, more 
DF and MW. ass<)ciat(^d with poorer quality sleep, especially in 
regard to daytimi; dysfunction). Howell et al. [30] reported that 
sleep quality seemed to mediate the correlation between morn- 
ingness and mindfulness, and the present study showed that sleep 
quality (PSQI Global or component 7), at least partially mediated 
the relationships between rMEQ_ and DF, and rMEQ and MW. 
When positive affect (which was negatively correlated with 
eveningness, poor sleep quality, DF and MW) was included as 
an additional, second mediator, the direct effect of rMEQ_ on DF 
approached zero. The direct effect of rMEQ on MW also became 
non-significant, although somewhat marginal, suggesting that MW 
may be more strongly related to chronotype than is daydreaming 
(at least as they are measured with the corresponding scales). 

The mediation analysis supported a model with chronotype as 
the predictor for daydreaming or mind wandering, suggesting that 
the association between evening chronotype and poor sleep quality 
may be related to evening-types having to rise at an earlier time 
than desired, due to work, school, or other social obligations, 
which may lead to the experience of more 'social jet-lag' [44]. 
Additionally, rising earlier than desired means that evening-types 
rise at a time closer to the nadir of the body temperature cycle 
(which is later in evening-types than morning-types), and so they 
may feel more sleepy and less alert, which could contribute to the 
perception of poorer sleep quality [66], and may contribute to less 
positive affect (less energy, enthusiasm, motivation, etc). These 
conditions of less alertness, less efficient cognitive processing, and 
less positive affect, may possibly then increase the likelihood of 
mind wandering or daydreaming. The finding of a moderation 
effect, in which the negative correlations between DF/MW and 
PA were weaker in morning-types than in evening-types or 
neutral-types, may also be related to social jet-lag, which is more of 
a problem for evening-types and neutral-types, than it is for 
morning-types. 



Limitations and Future Research 

A limitation with this research is the reliance upon retrospective 
questionnaires. The ESS and PSQI have both shown weak 
consistency with more objective measures of sleep, but as Buysse 
et al. [65] note, this may partly be because these measures assess 
habitual patterns whereas objective measures like polysomnogra- 
phy take discrete measures; also, some aspects of sleep, like sleep 
quality, are subjective in nature [65] . Additionally, the scales used 
in this research generally showed good psychometric properties, 
replicated some previous findings, and showed some convergent 
validity. Also, there were some consistent findings from the three 
separate samples. Nevertheless, these findings should be replicated 
and extended. For example, future studies should include a wider 
age range. Older people seem to mind wander or daydream less 
[68,69], but also generally (but not necessarily) tend to have more 
sleep problems [85], suggesting that the relationships between 
mind wandering, daydreaming and sleep quality may change over 
the lifespan. Also, the relationships between sleep, mind wandering 
and daydreaming could be explored in more detail in longitudinal 
research over an extended period of time, possibly using 
actigraphy for more objective measurement of sleep, in conjunc- 
tion with thought-sampling to collect reports of mind wandering/ 
daydreaming, and mood, while people do their usual routines (cf. 
[5,25,86,87]). This should include data for weekdays and 
weekends, when sleep patterns typically cfiffer [39]. Measures of 
other potential influences on the association between sleep quafity 
and mind wandering also need to be taken. These may include 
drug or alcohol use [60], stressors, such as exams, and also stress 
about sle("p itself For instance, Alapine et al. [73] found that 
people who are more distressed by their poor sleep show more 
negative effects than do those who are less concerned; perhaps 
distress at poor sleep also modulates the frequency of mind 
wandering or daydreaming. There may also be genetic influences. 
Barclay et al. [66] report that chronotype is approximately 50% 
heritable, while sleep quality is approximately 40% heritable, and 
that substantially the same genes are implicated in both. Twin 
research on mind wandering or daydreaming tendencies and 
characteristics, and associations with sleep quality and chronotype, 
may be intriguing. Finally, an interesting possibility is that a sleep- 
related increase in daydreaming may to some extent be 
performing a compensatory/restorative function, similar to 
REM sleep, to make-up for lack of sleep, or REM deprivation 
[14]. 

Conclusion 

The present study has shown that the frequency of mind 
wandering or daydreaming is associated with various aspects of 
sleep quality. Although conclusions about causality cannot be 
made, the findings from this research, in conjunction with other 
studies, suggest a bi-directional relationship, in which some forms 
of mind wandering or daydreaming may be a cause and/or a 
consequence of poor sleep. These relationships are of practical 
significance, given that cognitive impairment related to sleep 
disruption brings increased risk of work-place and motor accidents 
[7-10], and is detrimental to learning and academic achievement 
[20,63,88]. Negatively valenced forms of mind wandering or 
daydreaming may he cspecialK- rc'lat(-d to sleep rjuality: the 
relationships between negative aflect, mind wandering and 
daydreaming, which have been the focus of much recent research 
and discussion (e.g., [15,22,25,26,27,74,82,86,87,89]), were found 
to be partially mediated by poor sleep quality. Furthermore, the 
correlations between eveningness and mind wandering, and 
eveningness and daydreaming, were both jointiy mediated by 
(low) positive affect and (poor) sleep quality, showing synchrony 



PLOS ONE I www.plosone.org 



15 



March 2014 | Volume 9 | Issue 3 | e91285 



Mind Wandering, Sleep, Affect and Chronotype 



with evidence that sleep quality may also mediate the relationship 
between morningness and mindfulness [30] . Improving sleep 
quality may help to reduce the frequency of some forms of mind 
wandering or daydreaming, while reducing mind wandering, 
perhaps through mindfulness training [31,32], may help to 
improve sleep quality. It seems that the relationships between 
aspects of sleep quality and forms of mind wandering or 
daydreaming may be a fruitful area for future research. 
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